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Summary
A total of 90 genotypes of Lycopersicon species were tested for resistance to the Tomato leaf curl geminivirus
(ToLCV) by agroinoculation and the vector whitefly (Bemisia tabaci Genn.) inoculation techniques under insect-
proof glasshouse conditions. The rate of infection in the inoculated plants was determined by detection of the
viral DNA in individual plants by the nucleic acid spot hybridization (NASH). Of the 38 cultivars and 11 breeding
lines of L. esculentum Mill. tested, none was highly resistant or resistant while three and seven were moderately
resistant when exposed to the cloned virus DNAs by agroinoculation and whitefly inoculation respectively. On the
other hand, among the 38 commercial cultivars screened, 16 (42.1%) were highly susceptible in vector inoculations
and 31 (81.6%) in agroinoculation. Among the exotic collection (EC) accessions six were highly resistant, eleven
resistant to whitefly inoculation and none was highly susceptible in either of the two tests, indicating the presence of
resistance among the EC accessions. A higher degree of resistance was observed in other species of Lycopersicon.
While only one accession of L. cheesmanii Riley was tested, it could not be infected by either of the two methods.
L. pimpinellifolium (Jusl.) Mill. genotype EC 251580 was similarly resistant. In L. peruvianum (L.) Mill., five EC
accessions could not be infected by whitefly inoculation, with three of these being resistant and two moderately
resistant in agroinoculation. This study demonstrates the importance of the agroinoculation technique in the virus
resistance screening programs and identifies several good sources of resistance to the Tomato leaf curl virus in
Lycopersicon species.
Introduction
Leaf curl disease of tomato (ToLCD), caused by a
whitefly-transmitted geminivirus, is the most import-
ant disease of tomato (Lycopersicon esculentum Mill.)
in the tropics and semi-tropics (Varma, 1993). The
disease is caused by the Tomato leaf curl geminivirus
(ToLCV), belonging to begomovirus sub-group of the
family Geminiviridae. Its genome consists of two cir-
cular single stranded DNA, designated as DNA-A
and DNA-B, each of 2.7 kb and encapsidated in a
unique geminate quasi-isometric virus particle (Stan-
ley, 1985; Lazarowitz, 1992; Mayo & Martelli, 1993;
Hanley-Bowdoin et al., 1999; Harrison & Robinson,
1999). DNA-A encodes for the coat protein and the
replicase whereas DNA-B is responsible for the move-
ment function of virus particles in the host system. For
infection and the disease development in the host, both
viral DNA molecules are required (Davies & Stanley,
1989; Hanley-Bowdoin et al., 1999).
The use of resistant cultivars is the best option for
the management of ToLCD. The development of to-
mato cultivars resistant to ToLCV has been difficult
as apart from the differences in biotypes and weather
factors, many variants of the virus occur in nature in
different agro-climatic regions (Harrison & Robinson,
1999). Under the Sri Lankan conditions, tomato cv.
BL 982, Fiona, Jackal, LA 1777, RS 8990 and TY
King were reported as highly resistant as no plant
could be infected by graft inoculation (Zoysa, 1996).
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Three of these cultivars (BL 982, Jackal and LA 1777)
were, however, found susceptible under South Indian
conditions (Singh, 1996) and four (cv. B l982, Fiona,
Jackal and RS 8990) were susceptible in Pakistan
(Hameed, 1996). Differences in the reactions of these
genotypes to ToLCV under varying agro-climatic con-
ditions also suggest a natural occurrence of ToLCV
variants. Resistance to ToLCV in some tomato ger-
mplasm/lines of L. esculentum Mill. has also been
identified by other workers (Varma et al., 1980; An-
onymous, 1987; Pilowsky & Cohen, 1990; Zakay et
al., 1991; Kalloo, 1996; Hameed, 1996; Singh, 1996).
More promising resistance to ToLCV has been ob-
served in other species of Lycopersicon; L. cheesmanii
sub sp minor (Hook f.) Muller was reported resistant in
Egypt (Mazyad et al., 1982), L. chilense Dunal in Sri
Lanka (Zoysa, 1996), Pakistan (Hameed, 1996) and
Spain (Pico et al., 1999), L. glandulosum Muller in In-
dia (Varma et al., 1980), L. hirsutum Humb. & Bonpl.
in Egypt (Mazyad et al., 1982), India (Banerjee &
Kalloo, 1990; Muniyappa et al., 1991; Cinnarayappa
et al., 1992), Israel (Zakay et al., 1991), Jordan (Kas-
rawi et al., 1988), Pakistan (Hameed, 1996), and Sri
Lanka (Zoysa, 1996), L. peruvianum (L.) Mill. in
Egypt (Mazyad et al., 1982), India (Varma et al., 1980;
Muniyappa et al., 1991; Channarayappa et al., 1992),
Israel (Zakay et al., 1991), Jordan (Kasrawi et al.,
1988), Taiwan (Anonymous, 1987), and L. pimpinelli-
folium (Jusl.) Mill. in India (Banerjee & Kalloo, 1987)
and Israel (Zakay et al., 1991).
Screening for resistance to ToLCV has been done
mostly under field conditions based on natural infec-
tions, and in some cases under glasshouse conditions
by inoculating plants through graft or vector inocu-
lation as the virus is not transmitted by contact. Al-
though some workers have used diagnostic methods
such as enzyme linked imuno-sorbent assay (Hameed,
1996), nucleic acid spot hybridization (Zakay et al.,
1991) and the polymerase chain reaction (Pico et al.,
1999), most reports are based on the symptom de-
velopment. Field screening of genotypes based on
symptoms and yield may lead to the classification of
tolerance (which might support the virus multiplica-
tion) as resistance (Varma et al., 1980; Mazyad et al.,
1982; Kasrawi et al., 1988; Muniyappa et al., 1991;
Kalloo, 1996). However, this type of tolerance does
not provide information about the degree of suscept-
ibility to the virus, because the tolerant lines may
not develop distinctive symptoms but support virus
multiplication. For example, the F1 hybrid TY-20,
developed by incorporating tolerance to Tomato yel-
low leaf curl virus (TYLCV) from L. peruvianum (L.)
Mill., was released for commercial cultivation in Israel
in 1988, but, it was later found to be a good source
of virus to susceptible cultivars (Pilowsky & Cohen,
1990). A release of a tolerant genotype is not desirable
as it helps in building up the virus inoculum under
field conditions. Therefore, it is imperative to select
genotypes which do not support virus multiplication.
For screening of germplasm under controlled con-
ditions for resistance to non-mechanically transmiss-
ible virus such as ToLCV, inoculation of viruses into
the test plants by insect vectors takes time and intro-
duces an additional variable. Recent biotechnological
tool in the form of the Agrobacterium tumefaciens-
mediated inoculation of infective viral DNA clones,
commonly known as agroinoculation (inoculation
with genetically engineered Agrobacterium) (Gimsley
et al., 1986; Kheyr-Pour et al., 1994), although not
tested so far for germplasm screening, is promising.
The agroinoculation is a powerful tool by which the
cloned viral DNA can be easily delivered into the plant
system to cause infection and produce symptoms sim-
ilar to those produced by a natural infection (Grimsley
et al., 1986, 1987). Although the infectiveness of
the agroinoculation has been proven in experimental
and/or natural hosts for several viruses (Grimsley et
al., 1986, 1987; Morinaga et al., 1988; Elmer et al.,
1988; Rochester et al., 1990; Davies, 1991; Dasgupta
et al., 1991; Khyer-Pour et al., 1991; Navot et al.,
1991; Stenger et al., 1992; Czosnek et al., 1993; Man-
dal et al., 1997), a large scale screening for sources
of resistance in a natural host has not yet been tried.
In this study an attempt has been made to identify
resistant genotypes based on the percentages of plants
infected as determined by the nucleic acid spot hybrid-
ization (NASH) using homologous probe to DNA-A of
ToLCV. The plants were infected by agroinoculation
and by the viruliferous whitefly vector Bemisia tabaci
(Genn.) to compare the efficiency of the two methods
and to identify good sources of resistance in tomato.
Materials and methods
Tomato germplasm
A total of 90 accessions of Lycopersicon spp. were
tested of which 60 were obtained from the Na-
tional Bureau of Plant Genetic Resources, New Delhi,
14 from the Indian Institute of Vegetable Research,
Varanasi, and 16 from the Division of Horticulture, In-
dian Agricultural Research Institute, New Delhi. Each
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accession was grown in 6′′ clay pots containing mix-
ture of 2 parts clay: 1 part farmyard manure: 1 part
sand. In each pot, 20–25 seeds were sown to obtain
∼12 plants per pot. The pots were covered with insect-
proof cages made from 1 litre plastic water bottles
and kept in an insect-proof glasshouse throughout the
period of experiment.
The virus
A virulent isolate of the Tomato leaf curl virus (Tri-
pathi et al., 1997), maintained under insect-proof
conditions in a glasshouse as well as infectious clones
of both genomic DNAs, known as the DNA-A and
DNA-B, of the same isolate (Tripathi, 2000) were used
for screening the tomato germplasms in this study.
Vector transmission
Adult non-viruliferous whiteflies (Bemisia tabaci
Genn.), maintained on tobacco (Nicotiana tabacum
L. cv White Burley) and bottle gourd (Lagenaria si-
ceraria (Molina) Standl.) in an insectary, were given
an acquisition access period of 20–24 h on infected
tomato plants and 10–12 whiteflies were released per
plant on 7–10 days old plants of the tested genotypes.
Agroinoculation techniques
Cloning of viral genome. The replicative forms of
the viral DNA were isolated and purified from the
young leaves of tomato cv. Pusa Early Dwarf infected
with Tomato leaf curl virus, by the established proced-
ures (Stanley & Townsend, 1985; Mandal et al., 1998).
The purified viral DNA was linearized by digesting
separately with EcoR I and BamH I, and ligated into
the cloning vector pUC 18 (Banglore Genei India Pvt.
Ltd., Banglore, India). Recombinant plasmids were
transformed in Escherichia coli NM 522 (Sambrook
et al., 1989). The recombinant plasmids containing
the inserts of viral DNAs (DNA-A and DNA-B) were
identified and confirmed by a Southern Blot analysis
using the coat protein gene of the Indian cassava mo-
saic virus (ICMV). The viral origin/specificity of the
clones were confirmed by the nucleic acid spot hybrid-
ization test (NASH) with total DNA extracted from
naturally infected tomato plants from the fields, as
well as the glasshouse infected and healthy plants as
positive and negative controls, respectively, following
the method described by Mandal et al. (1998).
Construction of infectious clone of viral DNA-A and
DNA-B. Full length infectious dimeric constructs for
both the DNA-A (pBTAd1) and DNA-B (pBTBd1) of
the Tomato leaf curl virus were made previously in our
lab by Tripathi (2000) by re-cloning the ToLCV DNAs
in the binary vector pBin19 following the method of
Mandal et al. (1997). In order to produce infectious
constructs of both genomic components (DNA-A and
DNA-B), both DNA molecules were re-cloned sep-
arately in the binary vector pBin19. The viral inserts
from the previously cloned viral DNAs in the pUC18
vector were excised and separated from the vector
DNA by digesting the DNA-A clone with EcoR I/Dra
I and the DNA-B clone with BamH I/Bgl I. Full length
cloned viral DNAs were separated by the 1% agarose
gel electrophoresis and purified using the QIAEX II
gel DNA purification kit (QIAGEN). Linearized viral
DNAs were re-cloned in the linearized binary vector
pBin19 at the EcoR I site for DNA-A and the BamH
I site for DNA-B. Recombinant plasmids were trans-
formed into E. coli NM522. The orientation and size
of the inserts were confirmed by the restriction ana-
lysis and the Southern blot hybridization using 32P
labeled ToLCV DNA-A and DNA-B as probes, pre-
pared by the random primer labeling method (Feinberg
& Vogelstein, 1984).
Mobilization of constructed plasmids to Agrobac-
terium tumefaciens LBA 4404. The selected ToLCV
constructs for both DNAs were mobilized from E.
coli NM522 by tri-parental mating (Ditta et al., 1980)
using the pRK 2013 as a helper plasmid, into A. tume-
faciens LBA 4404 (Hamilton et al., 1983; Mandal et
al., 1997). Agrobacterium containing the ToLCV con-
structs were selected against kanamycin (50 µg/ml).
The presence of the ToLCV DNA constructs in
Agrobacterium was confirmed by restriction analysis
and Southern hybridization using the ToLCV DNAs
as probes. The infectivity of the agro-constructs has
been proven in our lab by Tripathi (2000).
Agrobacterium mediated delivery of viral DNAs into
test plants. The cells of A. tumefaciens LBA 4404
containing full length constructs of the ToLCV DNAs
(infectious clones) were incubated in 10 ml Luria
Broth (LB) supplemented with kanamycin (50 µg/ml)
for 24 h at 28 ◦C. Bacterial cells were harvested by
low speed centrifugation, resuspended in 100 µl of
sterile distilled water and used for the inoculation of
test seedlings (agroinoculation) of tomato. The full-
length viral constructs of the DNA A and DNA B were
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mechanically co-inoculated following the procedures
described by Mandal et al. (1997). Seven-to-ten-day
old tomato seedlings were agroinoculated by pricking
the stems with a fine needle through 20 µl droplets
of the agrobacteria suspension containing the ToLCV
DNA constructs. To follow the appropriate bio-safety
measures, the agroinoculated plants were maintained
in protected cages made of plastic bottles (Elmer et
al., 1988).
Detection of virus and resistance assay in test
genotypes by Nucleic acid spot hybridization (NASH)
Fifteen days after inoculation total DNA was isol-
ated from the leaves of individual agroinoculated and
whitefly inoculated tomato plants by the modified
method of Maule et al. (1983). The extracted DNA
was spotted on a nylon membrane (Hybond N, Amer-
sham Pharmacia, Germany), and viral DNA was de-
tected by hybridization with 32P radio-labeled ToLCV
DNA-A. Based on the percentage of infected plants
(number of plants positive in the NASH test in the
total number of plant tested), the tomato genotypes
were grouped into five categories: highly resistant
(0–10%), resistant (10.1–20%), moderately resist-
ant (20.1–40%), susceptible (40.1–60%) and highly
susceptible (60.1–100%).
Results
In most cases, agroinoculation and whitefly inocula-
tion produced similar and typical symptoms of the
ToLCV infection. If any differences were present,
agroinoculation produced slightly more severe symp-
toms (Figure 1).
Of the 38 cultivars and eleven breeding lines of
tomato (L. esculentum Mill.) tested none was highly
resistant or resistant to ToLCV. However, among the
exotic collection (EC) accessions six were recorded
as highly resistant; eleven were resistant to whitefly
inoculation but only four were resistant to agroinocu-
lation (Tables 1 and 2). Of the six highly resistant EC
accessions, three showed no signs of infection when
inoculated through whiteflies indicating very high de-
gree of resistance. When infected by agroinoculation,
all of these six accessions became infected with resist-
ant to moderately resistant reactions (Table 1). None
of the EC accessions of tomato was highly susceptible
in either of the two tests. This is in contrast to 42.1%
of the cultivars tested that were highly susceptible by
Figure 1. Typical leaf curl symptom of Tomato leaf curl virus
(ToLCV) induced on tomato test plant, Lycopersicon esculentum
Mill. cv. Pusa Early Dwarf, 21 days post-inoculation. The test plants
were inoculated with the virus through (Top) vector whitefly Be-
misia tabaci (Genn.) (vector inoculation) and (Bottom) genetically
engineered Agrobacterium carrying the cloned DNAs of ToLCV
(agroinoculation).
vector inoculation and 81.6% that were highly sus-
ceptible by agroinoculation (Table 2). This indicates
that resistance is available among the EC accessions
of tomato.
A much greater degree of resistance was observed
in other species of Lycopersicon tested. Only one ac-
cession of L. cheesmanii Riley was tested, and it could
not be infected by either of the two methods (Table 1).
Similarly high degree of resistance was observed in the
L. pimpinellifolium (Jusl.) Mill. accession EC 251580.
In L. peruvianum (L.) Mill., the only genotype EC
251626 which could not be infected by agroinocula-
tion, showed 18.1% infection by the whitefly inocu-
lation. At the same time, of the five accessions of
L. peruvianum (L.) Mill. which could not be infec-
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Table 1. Reaction of tomato genotypes to Tomato leaf curl virus (ToLCV) inoculated through the vector B. tabaci (Genn.)
and Agrobacterium containing cloned viral DNAs
Tomato genotypes Whitefly inoculation Agroinoculation
No. of infected/ Genotype No. of infected/ Genotype
inoculated plant reaction∗ inoculated plant reaction∗
(% infection)∗∗ (% infection)∗∗
Lycopersicon cheesmanii Riley 0/10 (0) HR 0/10 (0) HR
L. esculentum Mill.
i. EC accessions
EC 35235 0/10 (0) HR 1/8 (12.5) R
EC 104392 0/7 (0) HR 2/10 (20) R
EC 362949 0/10 (0) HR 2/8 (25) MR
EC 486 1/10 (10) HR 3/9 (33.3) MR
EC 244078 1/10 (10) HR 3/10 (30) MR
EC 362947 1/10 (10) HR 1/9 (11.1) R
EC 104395 1/9 (11.1) R 4/10(40) MR
EC 357840 1/9 (11.1) R 4/10 (40) MR
EC 163602 1/8 (12.5) R 4/9 (44.4) S
EC 362943 1/8 (12.5) R 3/9 (33.3) MR
EC 362944 2/11 (18.1) R 2/10 (20) R
EC 163511 2/10 (20) R 5/10 (50) S
EC 164660 2/10 (20) R 3/10 (30) MR
EC 110268 2/10 (20) R 3/10 (30) MR
EC 339064 2/10 (20) R 5/10 (50) S
EC 357834 2/10 (20) R 5/10 (50) S
EC 362946 2/10 (20) R 4/10 (40) MR
EC 141827 2/8 (25) MR 5/9 (55.5) S
EC 251594 2/8 (25) MR 4/10 (40) MR
EC 145615 3/10 (30) MR 6/10 (60) S
EC 362953 3/10 (30) MR 3/10 (30) MR
EC 357839 3/8 (37.5) MR 6/10 (60) S
EC 362951 3/9 (33.3) MR 5/10 (50) S
EC 251624 4/10 (40) MR 3/10 (30) MR
EC 252 4/10 (40) MR 3/9 (33.3) MR
EC 65979 5/11 (45.4) S 6/10 (60) S
ii. Breeding lines of IARI
4315 3/10 (30) MR 5/10 (50) S
6-3 4/10 (40) MR 4/9 (44.4) S
6-11-1-B 4/10 (40) MR 3/8 (37.5) MR
3662 4/10 (40) MR 5/10 (50) S
6-11-A 5/10 (50) S 5/9 (55.5) S
Pusa Divya (male) 5/10 (50) S 6/10 (60) S
Pusa Divya (female) 5/10 (50) S 7/10 (70) HS
Arka Abhijit (male) 6/10 (60) S 8/10 (80) HS
TA-802 (male) 6/10 (60) S 7/10 (70) HS
TH 2312 (female) 6/10 (60) S 7/9 (77.7) HS
Pusa Hybrid-2 (male) 7/10 (70) HS 7/10 (70) HS
iii. Commercial cultivars
HS 101 3/10 (30) MR 4/10 (40) MR
L-120 3/10 (30) MR 2/9 (22.2) MR
NDT-9 4/10 (40) MR 7/10 (70) HS
Arka Ahuti 5/10 (50) S 6/10(60) S
Arka Alok 5/10 (50) S 6/9 (66.6) HS
Azad T-2 5/10 (50) S 8/10 (80) HS
Bhagyashree 5/10 (50) S 9/10 (90) HS
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Table 1. Continued
Tomato genotypes Whitefly inoculation Agroinoculation
No. of infected/ Genotype No. of infected/ Genotype
inoculated plant reaction∗ inoculated plant reaction∗
(% infection)∗∗ (% infection)∗∗
G-11 5/10 (50) S 6/10 (60) S
Punjab Tropic 5/10 (50) S 7/10 (70) HS
Pusa Uphar 5/10 (50) S 8/10 (80) HS
TM-20 5/10 (50) S 9/10 (90) HS
TM-80/TM-17 5/10 (50) S 7/10 (70) HS
H-35 6/10 (60) S 5/8 (62.5) HS
H-36 6/10 (60) S 6/8 (75) HS
JT-99 6/10 (60) S 9/10 (90) HS
PNR-7 6/10 (60) S 7/10(70) HS
Punjab Chhuhara 6/10 (60) S 7/10(70) HS
Pusa Gaurav 6/10 (60) S 7/10(70) HS
Pusa Hybrid-2 6/10 (60) S 6/10 (60) S
Pusa Ruby 6/10 (60) S 8/10 (80) HS
Pusa Sheetal 6/10 (60) S 7/10 (70) HS
Sel-9 6/10 (60) S 6/8 (75) HS
Puas Hybrid-1 6/9 (66.6) HS 8/10 (80) HS
Arka Ashis 7/10 (70) HS 8/10 (80) HS
Arka Saurabh 7/10 (70) HS 8/10 (80) HS
Arka Vikash 7/10 (70) HS 8/10 (80) HS
AVT-2 7/10 (70) HS 8/10 (80) HS
Dhanshree 7/10 (70) HS 7/9 (77.7) HS
H-24 7/10 (70) HS 6/9 (66.6) HS
Punjab Kesri 7/10 (70) HS 6/10 (60) S
P-120 7/10 (70) HS 8/10 (80) HS
Pusa Early Dwarf 7/10 (70) HS 8/10 (80) HS
Pusa Hybrid-4 7/10 (70) HS 5/9 (55.5) S
Roma 7/10 (70) HS 8/10 (80) HS
Sel-12 7/10 (70) HS 8/10 (80) HS
Angoor Lata 7/10 (70) HS 9/10 (90) HS
Arka Abha 7/10 (70) HS 7/9 (77.7) HS
Marglobe 8/10 (80) HS 7/10 (70) HS
L. hirsutum Humb. & Bonpl.
EC 486 1/10 (10) HR 3/10 (30) MR
L. peruvianum (L.) Mill.
EC 34480 0/8 (0) HR 1/9 (11.1) R
EC 65090 0/8 (0) HR 2/10 (20) R
EC 141840 0/10 (0) HR 2/9 (22.2) MR
EC 251561 0/8 (0) HR 2/10 (20) R
EC 251616 0/10 (0) HR 3/10 (30) MR
EC 251657 1/10 (10) HR 2/9 (22.2) MR
EC 251626 2/11 (18.1) R 0/10 (0) HR
EC 120662 2/10 (20) R 1/4 (25) MR
EC 251640 2/9 (22.2) MR 3/10 (30) MR
L. pimpinellifolium (Jusl.) Mill.
EC 106293 0/10(0) HR 1/8 (12.5) R
EC 251564 0/10 (0) HR 1/10 (10) R
EC 251580 0/10 (0) HR 0/10 (0) HR
EC 251681 1/12 (8.3) HR 3/10 (30) MR
∗ HR: Highly resistant (0–10% infection); R: Resistant (10.1–20% infection); MR: Moderately resistant (20.1–40%
infection); S: susceptible (40.1–60% infection); HS: Highly susceptible (60.1–100% infection). ∗∗Numbers of infected
plants were determined based on nucleic acid spot hybridization (NASH) test 15 days post-inoculation.
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Table 2. Reaction of genotypes of Lycopersicon species to Tomato leaf curl virus (ToLCV) based on infection
of plants inoculated through B. tabaci (Genn.) and Agrobacterium containing cloned viral DNAs
Lycopersicon species No. of The number of accessions reacting as∗
genotypes HR R MR S HS
tested W A W A W A W A W A
Lycopersicon cheesmanii Reley 1 1 1 – – – – – – – –
L. esculentum Mill.
i. EC accessions 26 6 – 11 4 8 13 1 9 – –
ii. Breeding lines of IARI 11 – – – – 4 1 6 5 1 5
iii. Cultivars 38 – – – – 3 2 19 5 16 31
L. hirsutum Humb. Bonpl. 1 1 – – – 1 – – – – –
L. peruvianum (L.) Mill. 9 6 1 2 3 1 5 – – – –
L. pimpinellifolium (Jusl.) Mill. 4 4 1 – 2 – 1 – – – –
Total 90 18 3 13 9 16 23 26 19 17 36
∗ HR: Highly resistant (0–10% infection); R: Resistant (10.1–20% infection); MR: Moderately resistant (20.1–
40% infection); S: susceptible (40.1–60% infection); HS: Highly susceptible (60.1–100% infection).
W: Plants inoculated through vector B. tabaci (Genn.).
A: Plants inoculated through genetically engineered Agrobacterium containing cloned ToLCV DNAs.
ted by the whitefly inoculation, three (EC34480, EC
65090 and EC 251561) were found resistant and two
(EC 141840 and EC 251616), moderately resistant
by agroinoculation (Table 1). Similarly, L. pimpinel-
lifolium (Jusl.) Mill. accession EC 106293 could not
be infected by whitefly inoculation but 12.5% plants
were infected by agroinoculation (Table 1). Unlike
L. esculentum Mill., none of the genotypes of other
Lycopersicon spp. tested was found susceptible to
ToLCV.
Overall, the infectivity of agroconstructs was
higher in most of the tested genotypes as compared
to the whitefly inoculation (Figure 2; Table 1). The
exceptions were EC 362953, Pusa Hybrid-2, Pusa
Hybrid-2(male) of L esculentum Mill., where exactly
same percentage of infection was recorded for both
inoculation methods. However, in a few genotypes
such as L. esculentum Mill. EC 252, Marglobe, Pusa
Hybrid-4 and L-120, the numbers of infected plants
were lower following agroinoculation than the white-
fly inoculation. In some cases (L. esculentum Mill.
EC 362947, H-35, 6-3, 6-11-1-B and 6-11-A) both
inoculation methods gave similar results, with some
variation in the infection frequency. These results
clearly indicate that for ToLCV, agroinoculation is
more efficient than the whitefly inoculation (Tables 1
and 2). The intensity of hybridization spots in the
NASH tests varied from genotype to genotype, in-
directly supporting the notion that the replication and
accumulation of the virus DNA was higher in the
Agrobacterium-mediated inoculation than those of the
whitefly inoculation (Figure 2).
Discussion
In the present investigation only moderate resistance
was found among the commercial cultivars and breed-
ing lines of tomato, but the EC accessions were found
to have a higher degree of resistance. In earlier re-
ports, however, high levels of resistance have been
described in some commercial cultivars (Kalloo &
Banerjee, 1990; Hameed, 1996, Kalloo, 1996; Singh,
1996; Zoysa, 1996). Kalloo (1996) reported resistance
in cv. Azad T-2 and G-11 which were highly suscept-
ible in this study. On the other hand, cv. HS 101 was
moderately resistant in this study, but it was reported
as highly susceptible by Kalloo & Banerjee (1990).
These differences could be due either to the methods
of inoculation and virus detection, or to the differences
in the virulence of the ToLCV isolates. Determination
of resistance based on the symptoms alone (Varma et
al., 1980; Mazyad et al., 1982; Banerjee & Kalloo,
1987; Muniyappa et al., 1991; Kalloo, 1996; Singh,
1996) could be misleading. This is exemplified by
tomato cv. TY-20 released in Israel in 1988 for com-
mercial cultivation and later found to be as good a
source of virus as susceptible cultivars (Zakay et al.,
1991). Earlier studies based on sensitive diagnostic
methods such as the nucleic acid spot hybridization
(Pico et al., 1999) also failed to identify sources of
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Figure 2. The detection of Tomato leaf curl virus (ToLCV) infection in tested tomato genotypes by nucleic acid spot hybridization (NASH)
test fifteen days post-inoculation. The test genotypes of tomatoes were infected by (left) inoculation with genetically engineered Agrobacterium
carrying the cloned virus DNAs (agroinoculation) and (right) whitefly-mediated inoculation of virus particles (whitefly inoculation). Total
DNA was isolated and spotted on nitrocellulose membrane (NCM) from 15 days post-inoculated test genotypes (∼10 individual plants in each
genotype) by both the inoculation methods separately with positive (C-1: cloned ToLCV DNA; C-2: confirmed ToLCV infected plants) and
negative (C-3: un-inoculated tomato plants) controls. The DNA spotted NCM was hybridized with radio-labeled ToLCV DNA as a probe.
resistance to ToLCV among the commercial cultivars
of tomato.
In this study, high degree of resistance to ToLCV
was found in L. cheesmanii Riley, L. hirsutum Humb.
& Bonpl., L. peruvianum (L.) Mill. and L. pimpinel-
lifolium (Jusl.) Mill. The most promising accessions
were L. cheesmanii Riley and L. pimpinellifolium
(Jusl.) Mill. (EC 251580), which could not be infec-
ted by either of the two methods used. Similar kinds
of resistance have also been reported in L. cheesmanii
Riley and L. pimpinellifolium (Jusl.) Mill. by Mazyad
et al. (1982) and Muniyappa et al. (1991). The four
accessions of L. pimpinellifolium (Jusl.) Mill. tested
three could not be infected by whiteflies and one by
agroinoculation, showing that some of the resistance
present in L. pimpinellifolium (Jusl.) Mill. could be
due to resistance to the vector, B. tabaci (Genn.).
Similarly, a better degree of resistance in L. pimp-
inellifolium (Jusl.) Mill. (A 1921) was also visually
observed by Banerjee & Kalloo (1987) but not by
Hondt & Russo (1985), Kasrawi et al., (1988) and
Muniyappa et al. (1991). This may indicate variation
in resistance among the accessions of L. pimpinellifo-
lium (Jusl.) Mill. The accession EC 486 of L. hirsutum
Humb. & Bonpl. and six accessions of L. peruvi-
anum (L.) Mill., were recorded as highly resistant
when tested by the whitefly inoculation. The same ac-
cessions were found resistant or moderately resistant
by agroinoculation, indicating resistance to the vec-
tor. L. peruvianum (L.) Mill. accession EC 251626,
however, was successfully infected by the vector B.
tabaci (Genn.) showing resistant reaction but not by
agroinoculation.
The tested tomato genotypes in the present study
were found to be more susceptible to ToLCV in
agroinoculation than by whitefly inoculation in a ma-
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jority of cases. The differences in the infection rate
observed between the two methods of inoculation
could have been due to the different level of res-
istance to the virus or to the vector. These results
clearly indicate that the agroinoculation is a more ef-
ficient method of delivering ToLCV into plants than
the traditional whitefly inoculation method. A higher
resistance to ToLCV that was observed through the
whitefly inoculation could either be due to the res-
istance to B. tabaci (Genn.), or an inability of the
whitefly to introduce sufficient quantities of the virus
particles into the plants to cause susceptible disease
reactions. Therefore, screening of genotypes for resist-
ance to the whitefly-transmitted viruses by the vector
inoculation may produce misleading results, as the
vector resistance can be interpreted as resistance to the
virus. This difficulty can be overcome by the agroin-
oculation. This method not only appears to be more
efficient, but also excludes an additional biotic stress
factor, i.e. vector whitefly. However, our observa-
tions indicate that a combination of two inoculation
methods would be the most advantageous.
In some genotypes such as L. esculentum Mill. EC
362953, Pusa Hybrid-2, and Pusa Hybrid-2 (male),
identical frequency of infection was obtained for both
inoculation methods, indicating no effect of the white-
flies on the susceptibility/resistance of these genotypes
to ToLCV. However, the genotypes L. esculentum
Mill. EC 252, Pusa Hybrid-4, L-120 and Marglobe
showed higher degree of susceptibility to ToLCV in
whitefly inoculation than by agroinoculation. This dif-
ference could be due to greater susceptibility of these
genotypes to both the vector whiteflies and the virus
or higher resistance to infection by Agrobacterium.
The results presented here clearly demonstrate that
good sources of resistance to ToLCV are available
in various accessions of L. cheesmanii Riley, L. es-
culentum Mill., L. hirsutum Humb. & Bonpl., L.
peruvianum (L.) Mill. and L. pimpinellifolium (Jusl.)
Mill. Further studies are required to identify and isol-
ate the resistance gene(s) from the resistant genotypes
identified in this study, so that resistance is transferred
to the agronomically suitable genotypes with greater
ease through genetic engineering or by conventional
breeding and the embryo rescue techniques (Pico et
al., 1996).
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